INTRODUCTION
============

Endoscopic ultrasonography-guided fine-needle aspiration (EUS-FNA) is a minimally invasive technique for sampling gastric subepithelial lesions (SELs), which are a challenge for the differential diagnosis of gastrointestinal stromal tumors (GISTs). The yield of EUS-FNA for diagnosis of these lesions ranges from 49-73% with 22 gauge needles[@B1] ^,^ [@B9] ^,^ [@B16], but often the specimens are insufficient for immunostaining. Regarding the needle size, the literature about large-bore needles is too limited.

The objective of this study was to review the results of EUS-FNA with 19 gauge needles for gastric SELs of the proper muscle layer performed under the same routine technique, and with specimens evaluated through cell blocks.

METHODS
=======

Study design
------------

Eligible patients included those referred for EUS-FNA at a single tertiary-referral center. Inclusion criteria were patients with hypoechogenic gastric SELs of the proper muscle layer ([Figures 1](#f1){ref-type="fig"}A e 1B). Exclusion criteria were an INR\>1.5 or platelet count \<50,000, lesions from the submucosa (ectopic pancreas) and cysts. The first 25 EUS-FNA of SELs were also excluded, of which 18 gastric and seven esophageal SELs, in order to reach the minimum number of EUS-FNA procedures before competency can be assessed according to the guidelines from American and European Societies of Gastrointestinal Endoscopy[@B7] ^,^ [@B20]. All patients signed informed consent before enrollment.

EUS-FNA technique
-----------------

All procedures were performed by the same endosonographer with a curvilinear array echoendoscope (Olympus GF-UCT140-AL5, Olympus America Inc., New York, USA), coupled to an ultrasound unit Aloka Prosound alfa-5 SX. Needles for EUS-FNA were 19 or 22 gauge (EchoTip Ultra Echo-19 or 22, Cook Medical, Winston-Salem,USA) until July 2015, and only 19 gauge needles after that time. EUS-FNA was performed under deep sedation with the assistance of an anesthesiologist. The needle was advanced under EUS guidance into the target lesion, the stylet was removed, 10 ml of suction was applied, and the needle was moved back and forth 10 to 20 times in a fan-like motion within the lesion during each needle pass. After removal of the needle, the specimens were placed in 20% buffered formalin. The specimens were regarded as adequate in the presence of whitish cores (tumor tissue) and reddish cores (coagula with tumor tissue, [Figure 1](#f1){ref-type="fig"}C). On-site cytopathologist was not available. No smears were prepared. Patients were monitored for 1 h after the procedure.

Pathology
---------

The histological analysis of the specimens were made through cell blocks by the same experienced gastrointestinal pathologist. The material was stained with H&E ([Figure 1](#f1){ref-type="fig"}D), and immunohistochemistry stain for actin antibodies, c-kit, and DOG-1 was performed in the presence of spindle cells lesions ([Figures 1](#f1){ref-type="fig"}E, 1F and 1G). A specimen was defined as diagnostic when sufficient for histopathologic evaluation and immunohistochemistry analysis. If the biopsies were insufficient for complete evaluation, the specimens were considered non-diagnostic.

Statistical analysis
--------------------

Categorical variables were compared by chi-square test or Fisher's exact test. Continuous variables were compared by Student's t-test. Statistical analyses were performed using SPSS software (version 15.0, SPSS, Chicago, IL).

FIGURE 1A) Gastric subepithelial lesion from the greater curvature of the body; B) linear EUS array demonstrating a lesion from the proper muscle layer; C) EUS-FNA specimens after a total of three needle passes with a 19 gauge needle; D) histopathology confirming a spindle cell tumor (H&E); E) immunohistochemistry stain positive for actin; F) negative for c-kit; G) DOG-1, confirming a gastric leyomioma.

RESULTS
=======

Patients demographics
---------------------

From September 2009 to January 2017, a total of 129 patients who underwent 132 EUS-FNA procedures were studied. Twenty-two lesions were excluded from the analysis, of which 13 submucosal lesions and nine duplication cysts. After excluding the first 18 EUS-FNA of gastric SELs, the final study group was composed of 89 patients with hypoechogenic gastric SELs of the proper muscle layer, which were submitted to 92 EUS-FNA with 19 (n=75) or 22 gauge (n=17) needles. Repeated EUS-FNA procedures were performed in two patients. The baseline characteristics of the patients and lesions are summarized in [Table 1](#t1){ref-type="table"}.

TABLE 1Demographics and characteristics of the patients/lesionsTOTAL19 gauge needles22 gauge needlespn897217Sex (F/M)69 / 2057 / 1512 / 5Age, mean + SD (range), yr58.7 + 14.5 (17-94)59.2 + 13.5 (25-94)56.3 + 18.4 (17-86)0.4611EUS-FNA927517Size, mean + SD (range), mm22.6 + 18.6 (5-140)23.8 + 19.7 (6.5-140)17.4 + 12.0 (5-50)0.2027Size \> 2 cm34322Size \< 2 cm584315Needle passes, mean + SD (range)2.9 + 1.13 (1-6)2.8 + 1.0 (1-5)3.4 + 1.41 (1-6)0.0341\< 3 needle passes695910\> 3 needle passes23167Diagnosis81 (88%)69 (92%)12 (70.6%)0.0410GIST38362Leiomyoma41329Schwannoma110Adenocarcinoma/linitis101Complications2 (2.2%)2 (2.8%)0

Diagnostic yield of EUS-FNA: 19 x 22 gauge needles
--------------------------------------------------

Needle punctures were successful in all cases irrespective of lesion location. The overall diagnostic yield of EUS-FNA was 88% (81/92). The diagnostic yield of EUS-FNA with 19 gauge needles was higher than that of 22 gauge needles \[92% (69/75)x70.6% (12/17); p=0.0410\].

Diagnostic yield of EUS-FNA with 19 gauge needles according to the lesion size and number of needle passes
----------------------------------------------------------------------------------------------------------

EUS-FNA with 19 gauge needles revealed the same diagnostic yield for lesions \>2 cm and \<2 cm \[93.7% (30/32)x90.7% (39/43); p=0.9563\].

The mean number of needle passes for gastric SELs of the proper muscle layer with 19 gauge needles was 2.8+1. For lesions \>2 cm and \<2 cm, the mean number of needle passes were, respectively, 2.84+0.95 and 2.72+1.09, with median of three needle passes. The diagnostic yields for EUS-FNA with 19 gauge needles were, respectively, 98.3% (58/59) and 68.7% (11/16) when performing \<3 or \>3 needle passes (p=0.00082).

The diagnostic yields of EUS-FNA for lesions \>2 cm with 19 gauge needles were similar when performing \<3 or \>3 needle passes \[96.1% (25/26)x83.3% (5/6); p=0.8145\]. On the other hand, for lesions \<2 cm, EUS-FNA with 19 gauge needles and \<3 needle passes offered the best diagnostic yield \[100% (33/33)x60% (6/10); p=0.0014\].

Complications
-------------

The complication rate was very low. Two (2.8%) cases developed epigastric pain due to hematoma of the gastric wall after EUS-FNA with 19 gauge needles, one of them with a 5 cm exofitic GIST requiring surgical intervention. The other case was managed conservatively, with no need of blood transfusion.

DISCUSSION
==========

In our experience, EUS-FNA was performed with 19 gauge needles for 75 gastric SELs of the proper muscle layer, which represents the largest study published to date with this needle for this kind of lesions. Its diagnostic yield was higher than that of 22 gauge needles (92%x70.6%; p=0.0410), and revealed results higher than 90% despite the size of the lesions. Its diagnostic yields were, respectively, 98% and 68.7% when performing \<3 or \>3 needle passes (p=0.00082).

Concerning the different types of needles for EUS-guided sampling of SELs, Zhang *et al*.[@B24] did not demonstrate difference in diagnostic rate for any kind of needle. However, among 17 studies included in this meta-analysis, 14 used EUS-FNA needles, but only three with 19 gauge needles[@B6] ^,^ [@B18] ^,^ [@B22], corresponding to less than 9% of the evaluated cases. Other seven studies evaluated EUS-FNB needles, five with trucut needles[@B5] ^,^ [@B8] ^,^ [@B9] ^,^ [@B14] ^,^ [@B19], and two with a core trap needle (ProCore^®)^)[@B10] ^,^ [@B12]. There was only five comparative studies[@B4] ^,^ [@B8] ^,^ [@B11] ^,^ [@B12] ^,^ [@B22], and only one of them evaluating EUS-FNA with 19 gauge needles[@B22]. The number of evaluated cases for different types of needles was very small in six studies, each one with less than 20 cases for every type of needle[@B2] ^,^ [@B4] ^,^ [@B9] ^-^ [@B12]. In regard to the type of SELs, six of 14 studies were not restricted to gastric SELs[@B2] ^,^ [@B5] ^,^ [@B9] ^,^ [@B12] ^,1822^, and three other studies were not restricted to SELs, but also included lesions from other organs, especially pancreatic ones[@B4] ^,^ [@B10] ^,^ [@B11]. In reference to the wall layer evaluated, 10 of 17 studies were not restricted to the proper muscle layer[@B1] ^,^ [@B2] ^,^ [@B6] ^,^ [@B8] ^,^ [@B12] ^,^ [@B14] ^,^ [@B16] ^,^ [@B18] ^,^ [@B19] ^,^ [@B22], this information was unclear in four studies [@B4] ^,^ [@B10] ^,^ [@B11] ^,^ [@B23], and only three analyzed specifically the proper muscle layer[@B5] ^,^ [@B9] ^,^ [@B20], but two of them were not restricted to gastric SELs[@B5] ^,^ [@B9], and none of them evaluated EUS-FNA with 19 gauge needles. At last, relating to histopathology, cell blocks were used in only nine (53%) studies[@B1] ^,^ [@B2] ^,^ [@B4] ^,^ [@B8] ^,^ [@B9] ^,^ [@B10] ^,^ [@B16] ^,^ [@B21] ^,^ [@B22], eight of them evaluating EUS-FNA [@B1] ^,^ [@B2] ^,^ [@B4] ^,^ [@B8] ^,^ [@B9] ^,^ [@B16] ^,^ [@B21] ^,^ [@B22], but only a single study with 19 gauge needles[@B22]. This way, with significant heterogeneity among the selected studies, the best needle for EUS-guided sampling of gastric SELs of the proper muscle layer has not been already defined.

The experience already published for the EUS-FNA with 19 gauge needles for gastric SELs is constituted of four studies. In the experience by Larghi *et al*.[@B13], using a forward-viewing linear echoendoscope, adequate specimens for histological examination and immunohistochemistry were obtained in 93% of the cases. Our results were very similar to that study, but we used a curvilinear array echoendoscope. Watson *et al.* [@B22] provided adequate specimens for diagnosis in 79% of the cases. This group counted on on-site cytopathologist in 65% of the procedures, and cell block was used. The diagnostic yields for SELs \>20 and \<20 mm were, respectively, 80% and 45%, but this difference was not significant in multivariate analysis. Besides, EUS-FNA with 19 gauge needles and a higher number of needle passes were not associated with improved yield. In our experience, we demonstrated better results with the large-bore needle, and the best yield was obtained with up to three needle passes. Eckardt *et al*.[@B6], without on-site cytopathologist, using a combined evaluation with cyto and histopathology, with median lesion size of 24 mm, and an average number of two needle passes, obtained diagnostic material in 52% of the cases. Nonetheless, this material allowed immunohistochemistry stain in 91% of the cases. Unlike our study, these authors evaluated gastric SELs of the proper muscle layer in only 61% of the cases, which could explain the high rate of non-diagnostic cases, in spite of the needle caliber, lesion size, and number of needle passes have been similar to ours. At last, a study evaluating the specimens by means of cytopathology, without on-site cytopathologist, obtained adequate material in only 58% of the cases[@B17]. The 19 gauge needle may obtain a hemorrhagic specimen, which can difficult or even make unfeasible the cytopathologic evaluation. This needle must be used if the intention is to obtain tissue cores, and not only a group of cells.

Our diagnostic yield with a large-bore needle, with no restriction regarding the lesion size, with three or less needle passes, without on-site cytopathologist, with specimens evaluated through cell blocks is higher than that obtained with trucut needles, and as good as that obtained with Procore^®)^ needles. Beshir *et al*.[@B3] comparing the trucut needle (EUS-TCB) to the EUS-FNA, demonstrated a diagnostic yield of EUS-TCB and EUS-FNA for SELs of the proper muscle layer of 64.5% and 66%, respectively. The literature is scarce on comparative studies between EUS-TCB and EUS-FNA with 19 gauge needles. Nevertheless, it is unlikely a study like this to be undertaken, as it is well know the higher incidence of technical failures which not allow the puncture in up to 15% of the cases[@B8] ^,^ [@B14] ^,^ [@B17] ^,^ [@B19], and the absence of higher diagnostic yield even when compared to EUS-FNA with smaller caliber needles[@B8]. Concernig the Procore® needles, Kim *et al*.[@B12] conducted a study comparing EUS-FNB to EUS-FNA, both with 22 gauge needles, for SELs \>2 cm, neither restricted to the stomach nor to the proper muscle layer. The Procore^®)^ needle established the diagnosis with fewer number of passes, with median of two passes, and revealed an important difference in the diagnostic yield (92%x30%). However, the literature has not any comparative study between EUS-FNB with Procore^®)^ needles and EUS-FNA with 19 gauge needles for gastric SELs of the proper muscle layer.

Our complication rate was very low (2.8%) for EUS-FNA with 19 gauge needles. This rate is a little higher than the bleeding of 2.2% described by Eckardt *et al*. [@B6], but lower than 8% described by Na *et al*.[@B17] with 22 gauge needles. With a better diagnostic yield, our complication rate is lower than the rates of 3-4% for trucut needles[@B14] ^,^ [@B17] ^,^ [@B19], and there has not been complication report with Procore^®)^ needles for SELs.

This study is subject to the limitations inherent to its retrospective design, and the experience of a single endosonographer in solely a referral center. Furthermore, the diagnoses obtained by means of EUS-FNA were not compared to surgery[@B15]. However, as most patients were asymptomatic and their median lesion size was 16 mm, it would not be possible to submit all GISTs to resection.

On the other hand, this study has many strengths as well. After an initial experience with 22 gauge needles, all EUS-FNA procedures were performed with 19 gauge needles for all gastric SELs of the proper muscle layer despite their presumptive EUS diagnosis, location and size. EUS-FNA with 19 gauge needles obtained a definitive diagnosis in most cases. The routine histopathology processing for the specimens was the same, and a single experienced gastrointestinal pathologist evaluated the material. The small sample sizes of previous studies, inclusion of suspected diagnoses, SELs from various sites of the gastrointestinal tract, and only lesions \>2 cm might have led to an overestimation of the diagnostic yield of different needles in those studies. With a scarcity of studies comparing the yield of EUS-FNA for gastric SELs of the proper muscle layer using different needle calibers, our experience with 19 gauge needles is the largest when compared to other studies. We found a significant higher diagnostic yield with the 19 gauge needle even in the absence of on-site cytopathologists.

The question about the best needle for EUS-guided biopsy for these lesions is still unclear. Further comparative, randomized and multicentric studies are necessary to define whether this approach is the best and most cost-effective diagnostic strategy for gastric SELs of the proper muscle layer.

CONCLUSION
==========

Endoscopic ultrasonography-guided fine-needle aspiration of subepithelial gastric lesions of the own muscular layer in the absence of cytopathologist in the room, with up to three punctures with 19 gauge needles and evaluation of the material through cell blocks, allows a diagnostic gain of more than 90%. It is safe and highly valuable for differentiation between GIST and leiomyoma, no matter the size of the lesion.
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